This study adopts the error correction model to empirically investi
Introduction
A study on direct relationship between stock prices and money demand functions is not very common.
1 It does not mean, however, that there was not any particular scheme of thoughts that had been used to explain such relationship. In fact, indirectly, Friedman (1988) has included stock prices in total non-human wealth, 2 and he empirically showed that the prices played significant roles in determining money demand function. On the other hand, money demand function, apart from being induced by stock prices, is also conjectured to be influence by other intimately but indirectly related factors. In particular, it is assumed that there exists an underlying stationary long-run equilibrium between real money balances, real income or real wealth and the opportunity of holding money balances. The last factor is generally represented by interest rates.
Friedman in the same article has further demonstrated that there are at least two effects of stock prices (wealth) movement on the demand for money, namely positive wealth effect and negative substitution effect. The first effect, which may positively affect wealth and in turn demand for money, works as follows: (i) any increase (decrease) in stock prices is an indication of increasing (decreasing) in nominal wealth; (ii) any increase (decrease) in stock prices is a reflection of rising (declining) in the expected returns from risky assets relative to safe assets. This will then induce the economic agents to hold larger amount of safer assets, such as money; and, (iii) any increase (decrease) in stock prices is a signal of inducing a rise (shrink) in the volume of financial transactions, which in turn will lead to higher money demand balances.
Meanwhile, the negative substitution effect of stock returns on money demand implies that as stock prices rise, the economic agents may preferably hold larger equities to other components of the portfolio, because the equities became more attractive or profitable (Thorton 1998, and Choudhry 1996) . It is obvious from the discussion that the net effect of stock prices affect on money demand can be positive or negative, depending on which of the two effects is more dominant than the other. If the positive wealth effect of the stock prices dominates, then the higher the stock prices imply that the monetary authorities should foster monetary growth. Conversely, if the negative substitution effect dominates, the higher stock prices implicate the need for the monetary authorities to tighten monetary policy.
In the developed economies such as America, Japan and Germany, both positive and negative effects of stock prices on demand for money have been documented, therefore, had provided the supporting evidence to the theory of Friedman (1988) . However, for the emerging markets, and Malaysia is no exception, to the best of our knowledge no empirical analysis has been done in this area. Thus, it is intriguing to investigate whether or not such relationship between stock prices and the demand for money does exist in Malaysia. For this reason, an attempt will be made by this paper to investigate the roles of stock prices in the long-run demand for money 1 However, there are many studies on money demand alone, such as by Choudhry (1995 ), Jansen (1991 ), and Miller (1991 . 2 The studies on developed countries have included the volume of transaction or the return on securities as variables in the money demand function [see for example, Hamburger (1966); Keran (1971); McCornac (1991); etc.] . For a more detail discussion on this, refer Thorton (1998). in Malaysia. Perhaps, by doing so we are able to compare the experience of Malaysia with that of the developed countries and eventually provide some reasons for the similarities and/or differences, if any. Furthermore, since the issue on the roles of stock returns and money demand are very crucial for policy makers, international fund managers, and other institutional investors who are seeking to diversify their portfolios in Malaysia's stock market, it is hoped that they will reap the benefits from the paper's findings.
Having said this, the objective of the present paper is three-fold: (a) to explore whether there exists a stationary long-run relationship between money demand and real stock prices in Malaysia; (b) to examine the size and direction of the effect of real stock prices on demand for money; and, (c) to appraise the temporal causality between the real money stock and the determinants of the long-run real money demand.
The remaining parts of the paper are constructed as follows. In Section 2, the data and methodology of cointegration and Granger causality on which the analysis is based are presented. Then, in Section 3, the reports of the statistical tests together with the results of empirical findings are displayed. The paper ends with a section on summary and conclusion.
Data and Model Specification Data
In an attempt to provide a robust result, the study utilizes quarterly and seasonally unadjusted data 3 covering the pe- 
Model Specification
Following a standard specification of the model, money demand function can be written as (M/P) d =f(y, i), where y is national output and i is interest rates, respectively. Meanwhile, a money demand function that includes stock prices can be simply formulated as follows:
d represents real money balances, M = nominal money, P = the prices level, IPI = the Industrial Production Index, TB = T-Bill rates, RSP = stock prices, and  t = the error random terms.
Theoretically, the demand for money function, (M/P) d , is positively related to real income (proxied by IPI) and negatively related to the rate of interest, which in this paper is proxied by T-Bill rate. As indicated earlier, the rate of (M/P) d can be positively or negatively related to stock prices (SP).
Stationary and Cointegration Tests
Most macroeconomic variables are found to be non-stationary which has in turn resulted in a spurious regression (Sarletis 1992). To avoid this problem, the present paper conducts a unit root test in order to examine whether the variables are stationary or not. If the variables are nonstationary, they have to be differenced either by once or more until the stationary of the variables are achieved. The integration order of the variables shows how many times they have been differenced to be stationary. 6 Generally, most of the economic data will be stationary after taking once differencing. 7 To this end, the standard Dickey-Fuller (DF) and Phillips-Perron (PP) tests of unit root are applied in this paper.
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Once the order of integration is identified, a consideration needs to be given to the possible cointegration of the variables in the model. To be more precise, the objective is to know whether the variables have long-run equilibrium or inherent tendency to move together in the long run. The existence of cointegration among variables in the model indicates that there exists a long-run equilibrium. This information is extremely crucial, as it would suggest for specification of the correct model. If all variables under consideration are integrated of order one, I(1), but they are not cointegrated, the only valid regression model is to estimate the equation using the first difference of the variable (Engle and Granger 1991) . If, instead, they found to be cointegrated, the error correction model (ECM) should be adopted to predict stock prices and the demand for money as it combines both short-run dynamics and long-run equilibrium conditions (Ibrahim 1997; 1998: 56-57) .
Next, in the analysis of the cointegration of the variables, the two most commonly used tests, namely the residualbased Engle and Granger (1987) and the Johansen (1988) and the Johansen and Juselius (1990) approaches, are adopted to examine the hypothesis of a stationary long-run money demand function. Both tests, for brevity, are called EG and JJ tests, respectively.
Granger Causality Tests
To evaluate the temporal causality between real stock prices and money demand, the Engle and Granger (EG) tests are adopted. The tests consider the possibility of the past variable level, for in-stance (Y), to explain the current changes in other variables (X), even though Y in the past did not change. This being the case and in view of the fact that the lagged values play such an important role in determining the dependent variable, they are included in the model. As stated earlier, if the variables are cointegrated, the error correction model (ECM) has to be applied in examining the variable relations. The error correction model (ECM) can simply be written as follows:
where EC is the error correction terms or residual that is saved from the cointegrating regression equation (1). The EC terms are included in the model specification (Equation 2) to form an error correction representation of the model, which is based on the Engle and Granger's (1987) representation theorem. The application of error correction terms in the model is aimed at capturing the potential departure effects of the model's variables from the long-run equilibria. The size and significance of the error correction term in each equation implies the tendency of each variable to restore equilibrium in the money market (Choudhry 1996, and Thorton 1998) .
We note at this juncture that the lagged values, if arbitrarily included to the lag length, may result in inefficiency or biased parameter estimates. For example, if the lag length is too large, the inclusion of irrelevant variables causes inefficiency of the estimated coefficients. By the same token, if it is too small, the estimated coefficients will be biased due to the omission of relevant variables. 10 To disentangle this problem, the Final Prediction Error (FPE) criterion is used to determine the lag lengths.
11 The present paper will, however, consider the lag lengths by examining across all possible lag combinations with the maximum lag lengths for each variable set up to 8.
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Finally, in order to judge the goodness of the chosen model, a battery of most common diagnostic tests are utilized. They are; (i) the RESET test. It is adopted to examine the model specification error; (ii) Jarque-Bera (JB) test is used for normality test; (iii) Durbin-Watson (DW) test. It is adopted to test the presence of autocorrelation; (iv) the HET test is used for testing heteroskedasticity; and finally, (v) the CHOW test is used to test for structural stability of the model.
10 Another weakness of including arbitrary lag lenghts is that, it generally yields insignificant F-statistics. See, for example, Ibrahim (1999c) and Abd. Majid (2002) .
11 The smaller the FPE values, the better the model would be. Therefore, comparing with many possibilities of lag-length specification in the model, the smallest value of FPE of a model is considered and chosen as bestfit lag-length specification in the model. 12 The main reason of choosing maximum of 8-lag-lengths is because of quarterly data analyzed in this paper. It is a commonly that for a quarterly data, the possible lag combination included in a model is set to 4, 6, and 8. To provide the most believable results, this paper considers the maximum possible lag combination, that is 8.
Stationary and Cointegration Test Results

Stationary Test Results
The results of the Dickey-Fuller (DF) and Phillips-Perron (PP) tests are reported in Table 1 . In the test for the null-hypothesis where = 0, it is found that unit root (nonstationary) exists. This is obvious from the non-rejection of the null-hypothesis because the critical values exceed the test statistics.
13 Specifically, when the Augmented Dickey-Fuller (ADF) and PhillipsPerron (PP) tests for order of integration of each variable were conducted, with variable one-year T-bill rate (TB12) being the only exception, all other variables are nonstationary in log levels either with constant and no trend or with constant and trend regression models. Meanwhile, after taking first differences for Phillips-Perron (PP) test, all variables become stationary at 1 percent significance level or integrated of order 1, I(1). Using Augmented Dickey-Fuller (ADF) test, only 3-month T-Bill rate (TB3) and real stock prices (RSP), which is proxied by Kuala Lumpur Composite Index (KLCI), are stationary at 1 percent significance level either with constant and no trend or with constant and trend models. The real broad money demand (M2/P) is also stationary at 1 percent level of significance with constant and no trend model after taking the first differences, I(1). However, based on Augmented Dickey-Fuller test (ADF) there exists the possibilities of being integrated of order 2, I(2) for two variables, i.e., output (proxied by IPI) and real narrow money demand (M1/P). Since almost all variables are stationary in the first differenced series we conclude, therefore, that they are integrated of order 1, I(1). 14 
The Cointegration Test Results
After examining the stationary properties of the data, the cointegration tests Gujarati (1995) .
14 The paper mainly focuses on Phillips-Perron test for further specification of the models.
are now conducted. 15 The null-hypothesis of no cointegration is rejected if it is found that the residuals are stationary process. Recall that there are two alternative proxies used for real money demand; (M1/P) and (M2/P), and 3-month T-Bill (TB3) rates and one-year T-Bill rates (TB12); for interest rates. Thus, there are four cointegrating regression models that are subject to analysis and the results are reported in RSP] for both constant without trend and constant with trend models are respectively found to be cointegrated at 5 percent and 10 percent level of significance.
The last three columns of Table 2 report the results of Model 2, [(M1/P regressed on IPI, TB12, and RSP], which are based on Trace test. They are cointegrated statistically with a single non-zero vector at 10 percent level of significance. However, Models 1, 3, and 4, [(M1/P) regressed on IPI, TB3, and RSP], [(M2/P) regressed on IPI, TB3, and RSP], and [(M2/P) regressed on IPI, TB12, and RSP], are found not to be cointegrated statistically. Specifically, the null hypothesis of non-stationary residual in Model 2 is rejected by the Trace test at 10 percent significance level when the order of cointegration is set to 4. Conversely, the maximum Eigenvalues test statistics shows evidence of noncointegration of the six variables in the four considered models (Models 1, 2, 3, and 4). It implies that the inclusion of real stock prices in the longrun demand for money function to be appropriate in the case of (M1/P). Indeed, this finding is actually similar to those of Choudhry (1996) , for the case of Canada and USA, and Thorton (1998) , for the Germany case. In our case, with one being the only exception, namely Model 2, the finding suggests that there is a long-run relationship among the variables, that is (M1/P), IPI, TB12, and RSP.
The Causality between Real Stock Prices and Money Demand Function
After identifying the cointegrating test for the variables, what remains to be the focus of the paper is to analyze the causality between these variables as discussed in Section "The Cointegration Test Result." The analysis includes the error correction terms. We note here, because real broad money (M2/P) and 3-month TBill rates (TB3) are considered as inappropriate long-run determinant of money demand function as evident by Models 1, 3, and 4 in Table 2 , these variables are ignored for further analysis. Table 3 presents the results of error correction estimations. In this table, the sum of coefficients of the lagged differences and some well-known diagnostic tests are reported in the first and second rows for each dependent variable. The Ftest statistics, indicating the significance level of the sum of coefficients, are reported in the squared parentheses, while the error correction term(s), tested using ttest statistics, are reported in the parentheses.
The significance of real stock prices in the money demand function indicates that the real stock prices have significant role in determining demand for money in the Malaysian economy. Among the variables identified above, none of them is recorded has non-causality to each other. The entire variable signs for the model where (M1/P) regressed on IPI, TB12, and RSP are found to be consistent with our expectation. They are shown in the table by the positive signs of sum of output (IPI) and real stock prices (RSP) coefficients, and the negative signs of both sum of coefficients of real narrow money (M1/P) and one-year T-Bill rates (TB12).
As mentioned previously, the maximum lag-lengths considered are 8 for each error correction model. Based on Final Prediction Error (FPE) criteria, for dependent variables (M1/P) and IPI, the maximum lag-length specification included in the model are 2 and 5 respectively, while 8 lags are required for both models with the dependent variables TB12 and RSP.
Theoretically, negative signs are expected on the error correction term in the real narrow money (M1/P) and one-year T-Bill rates (TB12) equations, while positive sign is expected on the error correction term in the real output (IPI) equation. 
Dependent Variables
The error correction term in real stock prices (RSP) model can be either positive or negative. These signs are expected because excess supply of money will result in an increase of real output and a decrease in the interest rate. On the other hand, if the purpose of monetary policy is stabilization, then the growth rate of money stock should decrease (Choudhry 1996) . From Table 3 , except for the first coefficient estimates for error correction terms in the (M1/P) equation, all the remaining coefficient estimates for error correction terms are positively significance at least at 5 percent significance level. The result from error correction estimations indicates that both goods and financial markets in Malaysia may have adjusted to the disequilibrium in the money market. Except for one-year T-Bill rates (TB12), the signs of error term for IPI and RSP equations behaved as expected.
In general, the results suggest a bidirectional causality between the variable. On causality between the real money (M1/ P) and real stock prices (RSP), the bidirectional effect is found from both (M1/ P) to RSP, and RSP to (M1/P). The directional effects are only found from TB12 to IPI, TB12 to (M1/P) and from RSP to IPI.
Finally, Table 3 also reports some diagnostic tests for model specification. RESET test used for testing specification error indicates that, except for the third model [TB12 regressed on (M1/P), IPI, and RSP] for RESET (3) and RESET (4), other models have no specification error. In addition, Jarque-Bera (JB) test is used for normality test. Unlike Model 2 and 3, both Models 1 and 4 failed to pass the JB normality tests. The Durbin-Watson (DW) d test indicates that all models with four different possible dependent variables recorded no autocorrelation. Like DW d test, HET test results also imply that all models do not suffer from heteroskedasticity problem. Finally, CHOW test, which is used to test for structural stability, tends to suggest that our chosen model is good enough. Therefore, there is not a need for data break analysis. Overall, the performance of forecasting equations is very satisfactory. They have respectably passed and fitted a series of diagnostic tests.
Conclusion
In examining the role of real stock prices in the long run money demand in the Malaysian market for the period 1977: Q1-1997: Q2, the present paper employs three independent variables, Industrial Production Index (IPI), T-Bill Rates (TB) and Real Stock Prices (RSP) with two possibilities of dependent variables, real narrow money (M1/P) and real broad money (M2/P) and also two alternative proxies used for interest rate; 3-month TBill Rates (TB3) and one-year T-Bill Rates (TB12). The (M1/P) is found to be cointegrated with IPI, TB12, and RSP. This implies that there exists a long run comovement among these variables in the Malaysian market. Only for the cointegrated variables, the paper mainly focuses its analysis by applying the error correction terms in the model. The results indicate that in the long run the real stock prices (RSP) have positive association with demand for real narrow money (M1/P). An increase in stock prices is likely to necessitate an easier monetary policy to prevent a given nominal income or inflation target being undershot. Real narrow money (M1/P) and real stock prices (RSP) recorded to have bi-directional causality. Finally, the chosen model has been proven good and efficient, as it has passed a battery of diagnostic tests.
